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(54) Title: CTL EPITOPES FROM EBV 
(57) Abstract 

Hie present invention provides cytotoxic Epstein-Barr vims (EBV) T-ceil epitopes derived from EBV structural antigens. Preferred 
epitopes include YLLEMLWRL (SEQ ID NO: I), YFLEILWGL (SEQ ID NO:32), YLLEILWRL (SEQ ID NO:33), YLQQNWWTL (SEQ 
ID NCfco), IXLALLFWL (SEQ ID NO:2), IXVDLLWLL (SEQ ID NOS), LLLIALWNL (SEQ ID NO:4), WLLLFLAIL (SEQ ID NO:5), 
TLLVDIiWL (SEQ ID NOiT), LLWLLLFLA (SEQ ID NO: 8), ILLHALYL (SEQ ID NO:9), VLFIFGCLL (SEQ ID NO: 10), RLGATTWQL 
(SEQ ID NOll), ILYFIAFAL (SEQ ID NO: 15), SLVTVTTFV (SEQ ID NO:17), LMHPLINV (SEQ ID NO:20); TLFIGSHW (SEQ ID 
NO;24), UPETVPYI (SE<j lD Np;26), VLQWASLAV (SEQ ID NO:27) : and QLTPrETKAV (SEQ ID NO:29). The present Invention also 
provides methods of treating or preventing EBV infection in subjects which involve administration of EBV cytotoxic T-Cell epitopes. 
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The present invention relates to methods of treating or preventing 
Ei^Meqtions: The present invention also relates to cytotoxic T-cell (CTL) 
5 €^t$pes within Epstein-Barr w and 

BACKGROUND OF THE IN^NTION 

ItisnOw well established that long-term protection from persistent 

^:^ : : ^ 

MHC molecules. Since immunization with whole viral proteins is unable to 
elicit an efficient CTL response, interest has been directed towattis designing 
vadeines based on defined epitope sequences. This is particularly the case 
w& pne^ individual viral genes introduced in 

15 -^&ieE3^f^-y^t&» have the potential to initiate tumoigeftic processes . 

TWO broad approaches are currently being considered to design an effective 
vaccine for GOntroliing Epstein-Bair virus (EBV) associated diseases (for 

structural antigens or latent antigens. 

,2^:ww 

W use 6f Ssubum of gp3§0 (re^ and 

affinity purified): and have been directed towards blocking virus attachment 
to the target cell in the oropharynx (31). The general approach has been to 

25 restrict the outgrowth of EBV-positive ljrmphottias in these animals. Indeed, 
: • in conjunction 

*wth adjuvistnts (muramyl dipeptide or lS€GMS)rinduced high levels of 
isexoim neuttahang emtibodies and inhibited tumor fonnation in Cottbii^top 
tamarins (32), A number of recombinant vectors including, vaccinia-gp350 

30 and adenovirus 5-gp350 have also been successfully used in these animals to 
block tumor outgrowth (33). The precise mechanism by which gp350 affords 
protection from lymphomas in cotton-top tamarins remains unclear. The 
fact that development of neutralizing antibody titres in vaccinated animals 
does not always correlate with protection indicates that gp35 0-specific T 

35 cell-mediated immune responses may also have an effector role (34) . 
furthermore^ Yao and colleagues (35) showed that very low levels of 
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neutralizing anti-gp350 antibodies are present in the saliva of healthy EBV- 
immune donors, which suggests that such antihodies ard unlikely to be the 
basis of long-term immunity in healthy seropositive individuals. It has been 
postulated that gp350 specific T cell -mediated immune responses may have 
5 an effector rote in protection. There has been no identification to date, 

PosM^splant lyx^hoproh|^^ in 
organ ti^splapt patients is an increasingly injpoil^t cll^cal problem 
Mstological ana^ 

10 from polymorphic B lymphocyte hyperplasia to n^ignant monoclonal 

lymphoma. This range of pathology encompasses the collective term PTLD 
while 

lymphomas(IL), This condition is clearly ^sociated with the proliferation of 
Epstein#aic virus (EBV) infected B cells whidi are mm&dfot life in all 
15 previously infee ted indi vid uals (about 8096 of adults and 2096 of children 7 
years) (45, 46, 47, 49). These EB V4nfeqfe<i B c ells are norma^y resiWcted in 
their growth in vitro and in vivo by virus^speciflc c^otoxic T cells (CTLs) 
whicjhre^ 

below) (48). Immunosuppression inhibits these specific CTL and results in 
20 an expansion of title pool of EBV-infected B cells ^d the eme^ence of the 
clinical problems associated with PTLD. It is known that the individuals at 
greatest risk of PTLD are EBV seronegative recipients who receive a 
transplant fromase^ 
Tmrnnnisation of I^V seronega^^ 
25^^^ v g^ •>::■• • 

The role of the imto^ 
cancers has also been the subject of intense study i^en^y. The hs^othesis 
under investigation is that many neoplasms express viral antigens that 
should pot^tl^y enable them to be recognized and destroyed by 
30 ii^une system, including both T helper *»lls and t^rtotoxi? T lymphocytes 
(GTL)> There is now 

(EB\Qrassociated malignancies escape this potent virusrspeeific CTL 
response by restricting viral gene expression (7,20,21). For malignancies 
such as nasopharyngeal carcinoma (NPC) and HodgMrfs disease (HD), EBV 
35 nuclear antigen 1 (EBNAl) and latent membraiie f»x)tem 1 (^ 

only antigens consistently expressed and are therefore the potential target 
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\:Z™P§?™y?***%. future vaccine designed to control these tumors (3 ; 28j. 

Since it is well established that immunization with whole viral proteins does 
not elicit an efficient CTL response, interest has been directed towards 
developing peptide vaccines based on defined epitope sequences: 

5 Sl^MARY OF 1^ INyENTIOlSI 

1 inventors indicate that CTL epitopes 

wimin EBV s^ctuial and latent proteins may be effective in providing 
antiviral immunity against EBV infection. In particular, the present 
inventors have analysed the latent antigen LMP1 sequence, using peptide 
10 stablizafipn assays, and found that this antigen includes potential CTL 

epitopes. Following in vitro activation with these peptides, both polyclonal 
and clonal CTLs from HLA A2-positive donors showed strong reactivity 
against target ceUs expressing the LMPl antigen. Moreover, lymphoblastoid 
cell lines (LGL), expressing different HLA A2: supertypes were efficiently 
15 ^00^^0ige::.0i*s& result that has important implications for the 
design of an anti-viral vaccine aimed at protecting different ethnic 

populations. . 

The present inventors have also found that CTLs from acute 
infectious mononucleosis (IM) patients display strong reactivity against the 
20 EBV structural antigens gp85 and gp350. In addition, specific CTL epitopes 
within EBV structural antigens gp85 and gp350 have been identified for the 
first time. Importantly, prior immunisation of HLA A2/K b transgenic mice 
with these gp350 and gp85 CTL epitopes induced a strong epitope-specific 
'CtL-m^oa^^^i^4 protection against gp85- or gp350-expressing 
25 vaccinia virus challenge. These results provide evidence, for the first time, 
.. . of the existence of CTL epitope^ 

they may be used for establishing strong anti-viral immunity against EBV 
infection. 

Accordingly, in a first aspect the present invention provides a 
30 cytotoxic Epstein-Barr virus (EBV) T-cell epitope, the epitope being derived 
fronvan EBV J structural antigen. 

In a pw^rred embodiment of the first aspect of the present 
invention, the EBV structural antigen is gp85 or gp350. 

In a second aspect the present invention provides a cytotoxic 
35 Epstein-Barr virus T-cell epitope, the epitope being selected from the group 
consisting of YLL^MLVVRL (SEQ ID NO:l), YFLEILWGL (SEQ DD NO:32) r 
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YLLEILWRL (SEQ ID NQi33). YLQQNWWTL (SEQ ID NO:6), LI&A12JWL 
(SEQID NO :2), LLVDLLWLL (SEQ ID NO:3), LLLIALWNL (SEQ ID NO:4), 
VVLLLFLAIL (SEQ ID NO;5 ), TLLVDLLWL (SEQ ID NO:7), LLWLLLFLA (SEQ 
ID NO:8). ILUIALYL (SEQ ID NO:9), VLFBFGCIX (SEQ ID NO:10), 
5 RLGATIWQL (SEQ ID NO:ll), ILYFIAFAL (SEQ ID NO:15), SLVIVTTFV 
(SEQ ID NO:17), LMUPUNV (SEQID NO:20), TLFIGSHVV (SEQ ID NO:24), 
LIPETVPYI (SEQ ID NO:26), VLQWASLAV (SEQ ID NO:27) and 
QLTPHTKAV (SEQ ID NO:29). 

In a third aspect the present invention provides a subunit vaccine 
10 ' including a " " 

the first aspect of ■ the^ pr^s^tlilv^n^hr ^ " '" ; 

In a preferred embodiment, the subunit vaccine includes at least one 
T-cell epitope selected from the group consisting of YLLEMLVVRL (SEQ ID 
NQ:1), YFLEHWGL (SEQ ID NQ:32), YIIJ3LWRL (SEQ ID NQ.33), 
15 YI^QNWWTL (SEQ ID NO.ft), T.T.LAT.T.FWL (SEQ ID N02>, liVlJLLWLL 
(SEQID NO-3), LLLIALWNL (SEQ ID NQ.4), VVLLLFLAIL (SEQIDNO:5L 
TLLVDLLWL (SEQ ID NO: 7), LLWLLLFLA (SEQ ID NO:8), ILLILALYL (SEQ 
ID NO ©), VLFIFGCLL (SEQ ID NQ: JO), RLGATIWQL (SEQ IDNO;ll), 
ILYFIAFAL (SEQ Bp NO.15) , SLVIVTTFV (SEQ ID NO:17), LMffiPLlNV (SEQ 
20 ID NO:20), TLFIGSHVV (SEQ ID NO:24), LEEETVFYI (SEQ ID 5^Qs2q), 
VLQWASLAV (SEQ ID NO:27) and QLTPHTKAV (SEQ ID NO:29). 

In a preferred aspect of the present invention the epitope is selected 
from the group consisting of YLU2MLWRL (SEQ ID NO.lL YLQQNWWTL 
(SEQ ID NOiQ)* YF1EILWGL (SEQ ID NO:32ji YLLEILWRL (SEQ iD NO:33), 
25 SLVIVTTFV (SEQ TD NO.17), LWUPLINV (SEQ IDNO:20), TLFIGSIIVV (SEQ 
ID NO 24). and VLQWASLAV (SEQ ID NO^Z). 

In a further preferred embodiment, the subunit: vaccine inelttdes one 
or more additional cytotoxic EBV T-cell epitopes. The additional cytotoxic 
EBV T-cell epitope(s) may be selected from those described in WO 97/45444, 
30 the entire contents of which are incorporated herein by reference. 
In a further prefer 
includes a water-iii-oil formulation. It is fnrmer preferred that the vaccine 
includes at least one antigen to which the individual will mount an 
anamnestic response in addition to the at least one cytotoxic T-cell epitope. 
35 The atleast one antigen is preferably selected from me group 

consisting of tetanus toxoid, diphtheria toxoid, Bordetella pertussis ahtigens, 
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........ * 

P?H?vi^ antigens, purified p (PPD), g P 350 protein 

(Thorley-Lawson, D, A and Poodrv, C.A. (1982). Identification and 

isolation of the main component (gp350-gp220) of Epstein-Barr virus 

responsible for generating neutralizing antibodies in vivo J Virol 43, 

5 730.73^, helper epitopes and combinations thereof and is preferably tetanus 
toxoid'. • 

. :. / :::! ::\:\.:t::J^:^ 

720. Additional information regarding this formulation can be found in 
WO 95/24926, me disclose by crGSS 

10 reference; 

The subunit vaccine may also be formulated using ISCOMs. Further 
h^nndti^niigar^ ' 

Nbs 558258, 590904. 632067, 589915, the disclosures of which are included 

herein by cross referenca 

15 ta a fourth as P ect the present invention provides an isolated nucleic 

acid sequences eti^ virus (EBV) T-cell epitope 

according to ^^'^t^^^^^^t^'^^ii^ '■ - ■ 

In a preferred embodiment, the isolated nucleic acid sequence 
encodes at least one of the cytotoxic T-cell epitopes selected from the group 
20 consisting of YIJLEM^WRL (SEQ ID NO:l), YFLEILWGL (SEQ ID NO. -32), 
YLLEILWRL (SEQ ID NO:33)V YLQQNWV\TTL (SEQ ID NO:6), IJXALLFWL 
(SEQ ID Np:2)> I^VDlLVVli; (SEQ n) NO:3), I2IJALWNL (SEQ ID NO:4), 
WLLLFLAIL (SEQ ID NO;5), TLLVDLLWL (SEQ ID NO:7), LLWLLLFLA (SEQ 
ID NO:8), milALYL (SEQTD *fQ:9), VLFIFGCLL (SEQ ID NO- 10), 
25 ELGATlWQt (SEQ ID NOtil), ILYFIAFAL (SEQ ID NO:15). SLVIVTTFV 

( SE Q ID NO:^ IJ^LW (SEQjb NO 20), T^FIGSHW (SEQ ID NO:24), 
LIPETVPYI (SEQ ED NO:26), VLQWASLAV (SEQ ID NO:27) and 
QLTPHTKAV (SEQ ID NO:29), 

Wi^S^^;^^:'^^^^^^ the nucleic acid 
30 sequence can be delivered as naked nucleic acid or using a suitable viral or 
bacterial vectois Suitable bacterial vectors include the bacteria Salmonella 
spp. . Suitable viral:^ example, retroviral vectors, 

adenoviral vectors and vaccinia vectors. An example of a suitable vaccinia 
vector is a modified Vaccima Ankara vector. 
35 Vectors suitable for delivery of nucleic acid sequences have 

previously been described. For example, alphavirus vectors have become 
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widely used in basic resMrcfe to -sM^-AM^itam and function of proteins 
and for protein prod uetion purposes. Development of a variety of vectors 
has made it possible to de&er foreignsequenGes as risked RNA or DNA, or as 
suidide virus pa^ 

where transient, high-level protein expression is desired, such as 

alpha virus vaccines can induce strong humoral and cellular im mi g 
responses with good ipn^ memory a^ protective effects. See, for 

10 example, Tubulekas I,, Bei^smd P, 9 Fieetk^M, . (1997) 
Alpha virus expression victors ipmd theft us e as i^cbteMnant vaccines: a 

n^reyie^ 

Recombinant pox yinxses have been generated for vaccination 
against heterologous pathogens* Amongst thesey the foilowing are notable 
15 examples. ( i) The engineering of the Gqpei^agen strain of vaccinia virus to 
e^re^ this 
recombinant has been sh^wn to vacciiiate 

raccoons in the United States, stemming the spread of rabies virus infection 
in the wild, (ii) A fowlpox-based recombinant expressing the Newcastle 

20 disease vims^ ^ shown to 

pNj^ct <?o^^ was 
administered at 1 day of age, e veil in the presence of maternal immunity 
against either the Newcastle disease virus or the pox vector, (iii) 
Recombinants of cans^ox; virus, which is restricted for replication to avian 

25 spe^es, have 

dogs, against canine distemper virus, feline leukemia virus, and equine 
inffaenza virus disease; Iivh^ 

have been shown to be safe and immunogenic, (iv) A highly attenuated 
30 ^ccini^ derivative, hF5^AG, has been engme^^ 

both animal and human pa%dgensv Safety and iminunogenicity of NYVAC- 
based recpmMna^ 

from Japanese encephalitis virus, and seven antigens from Pl^modium 
fedciparum have been demonstrated to be safe arid immunogenic in early 
35 human vaccine studies. See, for example, Paoletti E* (1996) Applications of 



WO99/02S50" 



PCT/AU98/00531 



7 

pox virus vectors to vaccination: an update, Proc Natl Acad Sci USA, 
93(21):li349-11353. 

Progress towards effective vaccines to control internal parasites, 
especially those affecting mucosal compartments, has been inhibited by the 
5 combined problems of the antigenic complexity of parasites and the lack of 
understanding of the host response. However, the accumulation of 
ihformatioh regarding regulation of mu^ a 
reappraisal of vaccination options to provide appropriate mucosal effector 
responses, The pivotal role of T cell influences, and in particular the 

10 contribuuon of cytokine signals, h^ 

studies, but data emerging from our laboratories provide evidence for these 
** feC ^ ^^ q : We ^ is demonstrated me role determining the 

outeome of an inteSti loeal Th2 cytokine 

production in this regard. To support this proposition, the distribution of 

15 cytokmem^ 

n °rmaland parasitised animals;'. 

of Th2 cytokines (using gene knockout animals) mucosal responses are 
grossly deficient; we have also shown that this defect can be overcome by 
" . vectoi-directed gene therapy These s^ 

-° immunisation opportunities exist by combining traditional immunisation 
approaches with strategies to upregulate local cytokine production 
However, the success of these new strategies willdepend on selection of 
highly immunogenic subunit antigens, coupled with techniques for cytokine 
manipulation and delivery with appropriate adjuvanl/vehicle formulations 

5 This paper reviews delivery technologies available to chaperone labile 
antigentoahdge^ 

after systemic or oral administration. See, for example, Sutter G. et al (1994) 

A recombinant vector derived from the host range-restricted and highly 

attenuated MVA strain of vaccinia virus stimulates protective immunity in 
0 mice to influenza virus. Vaccine 12:1032-1040; and Husband A.J., Bao S., 

McClure S J., Emery D.L , Ramsay A J. ( 1996^Antigen delivery strategies for 

mucosal vaccines, IntlParasitol&-9:Mfr&34^^? 

Attenuated Salmonella typhi vaccine s tramGVD 908, which harbors 

deletion mutations in aroC and aroD, has been shown to be well-tolerated 
5 and inununogenic, ehciting impressive seyum antibody, mucosal IgA 

and cell-mediated immune responses. A further derivative prepared by 
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introducing a deletion in h|rA (wMch encodes a heat^kock Jtfotein that also 
has activity as a serine protease in CVD 908 resulted in CVD SO^htrA. In 
phase 1 clinical trials, CVD 908-htrA appears veiy attractive ais a live oral 
vaccine candidate. Both 908 and CVD 908^htrA are useful as live 
5 vector vaccines to deliver forei^ system. 

Conditions that enhance the expression and irnmimoge^nicity of foreign 
antigens carried by CVjP 9QB and CVD 908-htrA are beijttg tovestigated. For a 
review of Salmonella vectors* see Levine M.M., Galen J., Barry B , Noriega F., 
Chattfield S;, Sztein M^Ddugan G. And Taeket p (1996) #teuuated 
10 SalmoiteUa^s live oral vaccines against typhoid fever and as live vectors, / 

■ r-r^fec^ •• * ' 

The isolated nucleic acid sequences may be in the form of nucleic 
acid vaccines. Further information regarding nucleic acid vaccines can be 
foun4 int WO 96/03144 arid in Suhibier A (1:99? ) t Multi-epitope DNA 
15 vaccines* Immunol Cell Biol 75(4\ :402-40Q the disclosures of which are 

L:>LsM$^ 

In a fifth aspect #e pi^sent mvention provMes an isolated 
polypeptide, the polypeptide including at least one epitope according to the 

; f^ 

20 The vaccines of the present invention may be used prophylactically 

or therapeutic 

The CTL epitopes of the present invention may be synthesised using 
techniques well known to those skilled in this field. For example, the CTL 
epitope^ may be synthesissd using solution synthesis or solid phase 

25 synthesis as described, for example, in Chapter 9 entitled "Peptide Synthesis" 
,by Atherton and Sheppard which is included in at publication entitled 
"Synthetic Vaccines" edited by Nicholson and publis hed by Blackwell 
Spientific Publications. Ereferabiy a solid phase support is utilised which 
may be polys tyrene gel beads wherein the polystyrene may be CT0ss4inked 

30 with a small proportion of divinyjbenzene (eg J%) which is further swollen 
bylipgphih^ 

as dimethylfprmamide (DfclF^ with 
chloromethyl or aniondmet^yl groups. Alternatively, cross-linked and 
fuiictionalised polydimethyl^Ctylamide gel is used which may be highly 
35 splyat^d and swollen by DME and other dipolar aprolic solvents. Other 
supppi^ Q€ua be utilised 
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grafted or otherwise attached to the surface of inert polystyrene beads. In a 
preferred form, use may be made of commercial Solid supports or resins 
which are selected from PAL-PEG, PAK-PEG, KA, KR or TGR. 

In solid state synthesis, use is made of reversible blocking groups 
5 which have th% 

amino, carboxy or side chain functional groups and of destroying the* dipolar 
functional groups can be Selected froi^ 

OGMe 3 -CO-NKR which are known as t-butoxy carboxyl or ROG derivatives 
10 ^^ beh^ este rs haying tM 

structure RCOrOCH 2 -C 8 I^ and urethanes having the structure C^M^GH 2 0 
GO-NHR which are known as the benzyloxycarbonyl or Z-derivatives Use 
may also be made of derivatives of fluorenyl methanol and especi^ljr the 
fluorenyl-methpxy caihonyl or Fmoc group. Each of these types tif 
15 protfetetit^ 

other so that frequent use is made, for example, of BOC-benzyl and Fmoc- 

tertiary butyl protection strategies. 

Reference also should be made to a condensing agent to link the 

amino and carboxy groups of protected amino acids or peptides. This may 
20 be done by activating the carboxy group so that it reacts spontaneously with 

a free pii^miy amihe v Activated esters such as 

from p-nitfophenol and pentafluorophenyl may be used for this purpose. 

Their reactivity may be increased by addition of catalysts such as 1- 

hydropgrbe^otriazole. Esters of triazine DHBT (as discussed on page 215- 
25 216 of the abovementioned Nicholson reference) also may be used Other 

acyiating species are formed in situ by treatment of the earboxylic acid (i.e 

the Na-pfotected amino acid or peptidi) with a condensing reagent and are 
i&tj^^ the amino component ^ 

amino acid or peptide). Dieyclohexylcaibodiimide, the IJOP reagent 
30 (referred to on page 216 of the Nicholson: refereneej, O'Benzdtnazdle-N, N, 

NN-tetra methyl-uroiiiuni hexaflurophosphate (HBTU) and its analogous 

te trafl urobora te are frequently used condensing agents 

The attachment of the first amino acid to the s olid p has e support 

may be carried out using BOC-amino acids in any suitable manner In one 
35 method BOC amino acids are attached to chloromethyl resin by warming the 

triethyl ammonium salts with the resin. Finoc-amino acids may be cbupled 
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to the p-a&c»^ef zyl alcohol resin in similar manner. Alternatively^ use 
may be matde of various liidcage agents or"handles M to join the first amino 
acid to the resin* M this regard, p-hydroxymethyl phenylaetic acid linked to 
atninoiiiethyl p 

5 As wll be readily appreciated by tho$$ skilled in the art the yy£Pi, 

gp85 and gp350 epitopes and vaccine* of the present invention can be used 

^ to 

invcdvenaefit of in immunocompromised individuals, the 

present invention may have particular application in the treatment and 
10 protection of mdividuals having decreased immune function, eg transplant 
patients Map^antiy, the present inventors have found that EBV 
transformed lymphoblas toid cell lines expressing different HLA A2 
supertype^^^ This 
highlights the potential for the design of an antiviral vaccine aimed at 
15 treating and protecting different ethnic populations. 

Accordingly, in a sixth aspect the present invention provides a 
method of preparing a composition for use in inducing CTLs in a subject, the 
method including admixing at least one epitope according to the first or 
second aspects of the present invention with at least one pharmaceutical 
20 acceptable carrier, diluent or excipient 

In a seventh aspect the present invention provides a method of 
reducing the risk of EBV infection in a subject which method includes 
adniinistej^ of:- 

according to the first or second aspects 

25 of the present invention; 

(2) a subu^^^^ according to the third aspect of the present 
in^^^Qj^ : : :r : -:f 

(3) a nucleia $equ^ according to the fourth aspect of the 
present invention; 

30 (4) vector according to the fourth aspect of the present invention; 

< (5) a pol^e^pade according to the fi^ as pect of the present 
invention. 

35 treating or preventing nasopharyngeal carcinoma or Hodgkin's disease in a 
subject which metho^i In 
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amount of at least one CTL epitope derived from an EBV structural or latent 
• antigen. 

By "effective amount" we mean a quantity of the epitope which is 
sufficient to induce or amplify a CTL response against an EBV antigen. 
5 In a preferred embodiment of the eighth aspect of the present 

invention, the EBV structural antigen is gp85 or gp350 and the latent antigen 
is IJvlPi or LMP2. In a further preferred embodiment the CTL epitope is an 
epitope as defined in the second aspect of the present invention. 

The present inventors have also made th& surprising finding that 
10 NPC cells which are recognised by CTL clones are subject to CTL lysis. This 
finding has i^ control NPC 

tumours^ 

In an ninth aspect the present invention provides a method of 
gating ^ pr MJicelfe; iirr 

15 which method includes administering to the subject at least one CTL epitope 
derived from an EBV structural or latent antigen. 

In a preferred embodiment of the ninth aspect of the present 
invention, the EBV CTL epitopes are derived from the gp85 or gp350 
antigens. In a further preferred embodiment, the EBV CTL epitopes are 
20 derived from the LMPi or LMP2 antigens^ Preferably^ the CTL epitopes are 
derived fto^ antigerL 

In a tenth aspect the present invention provides a method of treating 
or preventing the growth of NPC or HD cells in a first subject which method 
includes transfemng to the subject MV^peciftc CTLs which recognise NPC 
25 prfiecelfe; 

NPC patients by in vitro stimulation of CTLs fejr exposure to EBV CTL 
'epifo^ a 

30 . . not have NP<3. ■ ■ - . 

In a f urtherp^^^ present 
inventicm; thfeM 

In an eleventh aspect the present invention provides a method of 
reducing the risk of infectious ffidnom 
35 lyinphoproliferative disease in a subject w^ch method includes 
administering to the subject an effective amount "of:* 
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(1) at least one CTL epitope 
of the present inv€ptioa; 

(2) k subunit vaccine aeqpitiing to the third aspect of the present 

inv^iitiiQB; 

(3) a nucleic acid sequence according to the fourth aspect of the 
present invention; 

3^ 



or 



( 5) a po^eptide ac»^c^i^J6Q^^sCn^ iupeot-of 'jpgMimwk.' 

10 •: invention. •• - 

The terms f, eomprise", M CQn^rtse$^ and as Used 

throughout the specification are intended to refer to the inclusion of a stated 
component or feature or group of components or features with or without the 
inclusion of a further component or feature or group of components or 

15 ..features..;.:'....'. • - 

In order that the nature of the present invention may be more clearly 
undera^ 

following examples and figures. 



20 



Figure 1: MH^ 

A2 binding peptides within LMPl. TZ C#lis were initially incubated with 
200^1 of each of the peptides (20Oj*g^ at followed by 

incubation at 37°C for 2-3h. HLA A2 expression on these cells was analysed 




25 ^ ^ 

The LMP1 peptides showing significant stablization of HLA A2 molecules on 

T2 <^Bs are in^ •• 

Figure 2: Recognition of LMPl peptides by pptyql^al CTLs^fioni an 

HLA A2-positive donor SB. PBMC from donor SB were co-cultivated. for 
30 seven days with irradiated T2 cells s^nsiti^ed with synthetic* peptides 

autologous PHA blasts. An €#^torsta^^ was used in the assay 

Data from one representative epegfe^^ is shown. Results are 

35 expressed as percent specific J^s, ; 
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Figure 3: Specific lysis by an EBV-specific CTL clone (SB7) from 
donor SB of autologous LGLs and autologous CD40 B cells infected with 
Vacc.EBNAl, 2, 3* 4, 5, 6, LMPl, LMP2A and Vacc.TK-fpanel A) Target 
cells were infected for 12-14 h p 0,1 = 10:1) with vaccinia constructs and 
5 processed for the standard "Cr-release assay. VacaTK- Was used as a 

■ ^^p*??^^ of . ' 

Mutu cl.59) and LMPl-negative, HLA A2-positive BL cell lines (BJAB.gptl 

and Mutuck216): were used mm^MWim&^^i^bai&'^y-'^^i- 
10 B). An effector:taiget ratio of 4:1 was used in both assays. Results are 

expressed as percent specific lysis. 

Figure 4: CTLp frequencies for the LMP1 epitopes YLQQNWWTL 

(SEQ ID NO 6) (A) and YLLEMLWRL (SEQ ID NO:l) (B) in HLA A2 -positive 

donor are sbpwnv ^^/^M^dSujleit analysis, the frequencies bfCTLp 
15 for peptides YLQQNWVVTL (SEQ ID NO:6J (A) arid YLLEMLWRL (SEQ ID 

NO:l) (B) were estimated in peripheral blood lymphocytes from donor SB. 

PBMC from this donor was stimulated wim peptides sensitized PBMC as 
... described & the ^ values Of 

res P on ? eif frequencies (f 1 ) are indicated. The s h^ 95% ' 
20 confidence limits. . . . 

HLA A2 by the SBi' Clti; clone; - All LCiis : .us^^©s assay ' weie^tiansfor^d 
with the B95.8 EBV isolate The HLA A2 subtyping for each LCL was 
assigned by the 12 m His to^ 

25 4:1 was used in both the assay. Results are expressed as percent specific 
lysis. Data from one representative experiment out of four is shown. 

Figure 6: Effect of variant O/IPl peptides on the HLA A2 binding 
(panel A) and CTL recognition (panel B). For HLA A2 binding analysis on 
T2 cells were initially incubated with 200^1 of each of the peptides 

30 (200ug/ml) for 14,16h at 26°C followed by incubation at 37^ for 2-3h. HLA 
A2 expression on these calls was analysed by FAGS using BB7.2 antibody 
(panel A). The dotted line indicates the background mean fluorescence 
intensity for HLA A2 on T2 cells without any peptide. For CTL recognition 
of the variant and prototypic HLA A2-restricted LMPl epitope, PHA blasts 

35 from donor SB were sensitized with serial dilutions of each of the peptides 
and then exposed to the SB 7 CTL clone (panel: B) at an effector: target ratio of 
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4 1. Results are expressed*? percent specific lysis- Data Jrom one 
representative experime at out of to iii the 

variant peptides are indicated by bold letters. 

Figure 7: CTL recognition of NPC cells and fjCZJU by EBV-specific 
5 HLA All-restricted Gm^Mmm <2M9{a & c) sj^0s^^^td}, Vacc;EBNA4, 
VacaTK infected or peptide sensitized C15NPC cells (a & bj were exposed to 
Cll^ cdones at differed to target ratios and tits: level of GTL lysis was 

compared to a type 2 LCLa (£K4/Ag876 I£|L). As a positive control target 
cells were either pre^Bns^ed RTTDFSV^ peptide (a & c), or 
10 AWDRKSDAK peptide (b & d). The results were expressed as per cent 

: y :: 'sp^ificiy»is. - - • 

Figure 8: MHC stabil^atiQn analysis on T2 cells mim$ potential 
HLA A2 binding peptides ^itjtoi gp85 (panel A) and gp3@0 jpafceiB). T2 
cells were initially incubated with 200T1 of each of the peptides (200Tg/ml) 
15 for 14-16h at 26°C followed by incubation at 37°C for 2-3bu HLA A2 

expression on these cells was analysed by FACS Using the BB7.2 antibody. 
The dotted line indicates ths background mean fluorescence intensity for 
HLA A2 on T2 cells without any peptide. The gp85 and gp 350 peptides 
showing significant stabilization of HLA A2 molecules on T2 cells are 
20 indicated bymftws. 

Figure fl: gp85 : andi^paso-specific ex vivo cytotoxic T cell activity in 
peripheral blood 1^ IM donors. Panel A, B & C shows ex vivo 

CTL lysis of peptide-seMi*ed (lug/mi) PHA bl^,Q^^4W&^ 
effectoFvtairget (E/T) ration Bate from IM patient SB, LP lid MJ are 
25 presented in panel A, B and G respectively. Panel D show^ m. m^oCrTL lysis 
by peripheral blood Iymp%eytes from patient LP of t^et cells infected with 
recombinant vaccinia enc^ (Vacc.350) 
by . Vace.TK- and VacaEBNA2 were used as control in the assay. 

Figure 10: Recognition of gp85 and gp350 peptides by polyclonal 
30 CTLs from an HLA A2-positive IM recovered (38 months post IM) individual. 
PBME^ 

withsynfhellc peptides (iadicafed on the Y~axi*). On Hay 16, these cells 
weire • used - as : pol^lQ^ ; :|^<^ra in a standard 51Cr-reIease assay against 
peptide-sensitized (ITg/ml) autologous PHA blasts. An effectontarget ratio of 
35 20:1 was used in the ^say. Individual peptide stimulated CTL effectors used 
in this experiments are indicated in the figure, ^ representative 
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experiment put of three is shown. Results are expressed as percent specific 
• lysis. ... 

Figure 11: Immunization of HLA A2/K* 1 mice with gp85 and gp350 
CTL epitopes induces strongCIX bsponse. Animals were twice immunized 
5 ( at a 14 day interval) subcuta^ 

Tetanus Toxoid as a source of help. Four weeks following peptide 
immunization, animals were assessed for gp350- and gp85 -specific GTL 
response. Panel A, B & C shows GTL activity in splendcytes frdm two mice 
in^unized wife 

10 ID N0 24) (gp85) and SLVIVTTFV (SEQ ID NO:17) (gp85) respectively GTL 
lysis of target cells sensitized with peptide epitopes are sMwti as filled 
symbols/While lysis of unsensidzed target cells is shown as empty symbols 
Panel D shows CTL activity in pooled inguinal lymphnodes from mice 
inunumsed with peptide VLQWASLAV (SE%IE> NO:27} (■, □), SLVIVTTFV 

15 .|s£c£ , & } ; aiid TLM^SfVV -{i^m^^ ( » ). CTL 

ft 

gp350 CTL epitopes affords protection against recombinant vaccinia virus 
challenge. Groups of female A2/Kb transgenic mice, either unimmunized or 

20 immunized with CTL epitopes, were challenged with Vacc.gp85 and 

Vacc.gp350 intraperitonealy. After four days of challenge, these animals 
were sacrificed and vaccinia litre measured in both ovaries by plaque assay 
on confluent CV1 cells. X-axis shows peptides used for immunization^ while 
Y-axis shows Mean +•/- SE vaccinia virus titre in naive and peptide 

25 immunized mice* Recombinant to challenge in these 

animals is shown each panel of the figure. 
DETAILED DESCRIPTION OF THE INVENTION 

;'ex^^le^ : ■ - 

Materials and Methods 
3Q J&aMMim^ 

LGLs were estabhshed :^ 
tpu^fori^ 

2) virus isolates. In addition, LCLs transformed with the B95 . 8 isolate and 
expressing different HLA A2 supertypes were also used in this study (12th 
35 ^stocpmpatabiH workshop cell panel; EAGC). The peptide transporter 
(TAP)-negative B x T hybrid cell line 174 x C^T2 (referred to as T2) (22) 
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were used for peptide stablization assays. All cell lines were routinely 
maintained in RPMI 1640 containing 2 xtiM glutamine, 100 IU/ml penicillin 
and 100 ug/ml streptomycin plus 10% foetal calf serum (FCS) (growth 
medium). Long-term cultures of EBV-negative normal B cell blasts were 
5 es tablished as previously described using: the CD40 system (referred to as 
CD40 B cells) (12). 

The Burkitfs lymphoma (BL) cell lines, BJAB.gptl, BJAB.MTLM6, 
MUTU cl.59 and MUTU cl.216 were used in this study. These were derived 
torn patients witii nonrendemic or endeimc BL. BJAByMTIJV^ 
10 cl.59 have previously been shown to express tMPl, while SJAM,0llo^ 
MUTU cl. 21© are negative for LMPl (5,27), These BE eeH lines were 
routinely m 

To generate phytohaemagglutini (PHA) blasts, peripheral blood 
mononuclear (PBMG) cells were stimulated with fHA* (Commonwealtk 
15 Serum Laborate Melbourne) and after 3 days, growth medium containing 
MLA 144 supernatant and rIL-2 was added (2) . PHA blasts were propagated 
with bi-weekly replacement of IL-2 and MLA supernatant (no further PHA 

Virus Isolates 

20 To isolate re^ spontaneous LCLs were established from a 

panel of 12 unrelated healthy EBV-seropoisitiye donors by spontaneous 
outgrowth from PBMC cultured in the presence of 0.1ng/inl cyclosporin A 
(19) In additi^ eight different NPC samples (from 

Southe^t^ 

25 isolates were classified as type 1 EBV based on the DMA sequeSjiee 

_ divergence within the BAM Hi WYH and E regions of the genome (23,24). 
PCRandBNA&equeiwmg of CTL Epitopes 

Specific oligonucleotide primers flanking the DNA region encoding 
the LMPl epitope were selected for PGR stH^JiM^ 
30 products were purified using QIAquick spin columns (Qiagen Inc. 
Ghateworth/ C^) aiid*eqi^nc«d ^ 

Foster City, CA) following the mani^actt^e^s protocol 
Synthesis of Peptides 
35 Peptides sjmthesized by the Merrifield solid phase method (16) were 

purchased from Chiron Mkuptopes (Melbourne, Australia), d^^v^d in 
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dimethyl sulphoxide and diluted in serum-free RPMI 1640 medium for use 
in standard <3TL assays; • • 

AffiC Stabilisation Assays • 

To identify the potential HLA A2 binding peptides within LMP1, a 

5 computer .based program was employed as deseribed elsewhere 

(http://bimas.dcrt nih.gov/molbio/hla3ind/ihdex.html) (18). These predicted 
peptides were ^ cells 

as described earlier (1). Briefly, T2 cells (2x10 s ) were incubated with 200ul 
of each of the peptides (200ug/ml) at 26 fl C fdr i4MI0lf followed by incubation 
LO at 37°C for 2-3h. After the incubations, HLA A2 expression was measured by 
FAGS using a monoclonal HLA A2-specific antibody (MA2.1; ATCC). 
Generation of Polyclonal and Clonal IMPl-speeific CTLs 

to generate po^^ ' 
were co^cultivated for seven days with me irradiated (0;OOO rads) T2 cells 
L5 sensitized with synthetic peptides. On day 7, these lymphocytes were 
restimulated with peptide-sensitized T2 cells. After 10 days of culture in 
growth medium, the cells were used as polyclonal effectors in a standard 
51 Cr-release assay against peptide-sehsitisted autologous PHA blasts. 
To generate LMPl-specific CTL clones, PBMC ( 10 6 /ml) were 
5 cultivated with peptide sensitized autologous lymphocytes (responder to 
stimulator ratio of 4:1) in 2ml culture wells (Linbro) for 3 days in growth 
medium. CTL clones, generated by seeding in 0.35% agarose, were 
established and maintained in growth medium containing highly purified 
recombinant human IL-2 from E. coli (16), restimulating twice weekly with 
autologous LCLs. These GTL clones were screened on a panel of 
recombinant vaccinia-infected autologous CD40 B cells to confirm the 
antigen specificity (see below). 
V<acciida virus t^dombMc^ts " 

Recombinant vaccinia constructs encoding EBV latent antigens and a 
vaccinia virus construct made by insertion of the pSCll vector alone and 
negative for thymidine kinase (Vacc^TK-) have been previously described 
(6>ll) CD40 B cells were infected with recombinant vaccinia virus at a 
^^P 1 ^^ of hlfectidfi ( MOI J of 10: 1 for l b at 37°C; as described earlier 
(6.11). After overnight infection, cells were washed with growth medium and 
processed for CTL assays or for immunoblotting to assess the expression of 
... recphibinan EBV antigens (12). 
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Target cells were either infected with recombinant vaccinia viruses 
or pre-sensitized with synthetic peptide epitopes (wi&i^type or variant) and 
then incubated with 51 Cr for 90 min, Following inculbation, these cells were 
5 washed in growth medium and used as targets in a standard 5 h 51 Cr-release 
assay (16). In some experj^ antibodies (MoAb) specific for 

the non-polymorphic determinants on MHC class I (W6/32) or class n (L243) 
antigens were added to define the MHC restriction of the CTEL clones. 

10 I^MGfem 

numbers (two fold dilutions) from 8,25 x 10 3 to 5 x W 4 cells per well M 
round^ottomed ^ 

rads) peptide sensitized (l^g/mjty a^^ added to give a total 

volume of 100 ixL Twenty-four replicates were used at each concentration in 

15 each experiment. Cultures were fed on days 4 and 7 with 50 \*l of medium 
supplemented with 20U of rIL-2 and 30% [voWol) supernatant from MLA- 
144 cultures. On day 10, each CTL uncroculture was split into two 
replicates and used as effectors in a standard 5 h 51 Cr-release assay against 
autologous PHA blasts precdated with ah IMPi peptide or left uncoated. 

20 Wells were scored as positive when the perc^t ^ 

for peptide^sensit^edt taaget ^ ^i^a^ mitxeated 

control wells by 3 SDs LDA was performed by the method of Maximum 
likelihood e^n^ation (4). I^at^ from all experiments were compatible \vith 
the hypothesis of single-hit kinetics (P>0 ? 41 and precursor estimates are 

25 given with 95%^pnfiden^ 
Results 

Identification of HLA A2 Binding Peptides: WUM^ : •;. 

To identify potential HLA A2-restricted epitope^ within JLMPl, the 
amino acid sequence was analyzed by a computer program designed to 
30 predict HLA-binding peptides, based on an estimation of the half-time 
disassociation of the HLA-peptide complex 
fht%/^^^ 

peptides with an estimated half-time diSMsociation score of > 400 were 
selected (Table 1), These peptides were then tes^d fprlJIA A2 binding 
35 efficiency using HLA A2-positive T2 cells. Representative data ftom a series 
of experiments is presented in Fig. l. This analysis showed that six peptides 



WO99/02550 



PCT/AU98/00531 



..' ] ' .'Z^'ZZ.l 19 

significantly increased the expression of HLA A2 on T2 cells suggesting that 

Generation of Polyclonal CTLs Specific for LMPl Peptides 

The data presented above strongly suggested that LMPl 

5 ; :M 

potential targets for virus-specific CTLs. To verify this hypothesis, PBMC 

iMFl; On day 10, these effector cells were tested against pep tide^sensi tized 
10 autM0g^iis PHA blasts, Represtative data from polyclonal CTLs from donor 
SB are presented in Fig. 2. Two peptides;, YLQ^ NO:6) and 

YLLEMLWRL (SEQ ID NO:l), showed significant activation of pplyelonal 
0114; however, the YI£EMLV\^ CTLs consistently showed 

^i^Gantly stronger GTL activity when compared to t&e YLQQNWVVTL- 
15 stimulated cells. Similar data Were 
positive donor (AS) (data not shown). 

Table 1: Identification of Potential HLA A2 Binding Peptides within LMPX 

20 Ranking Residue Peptide Soqueneo Score (Estimate half- 

time disassociation 

- : ;<li^vBffi^^viiffl^J : 

125-133 YLLEMLWRL (SEQ ID NO 1) 25714.76 

32-40 UJjWj^m 9658.64 

167-175 LLVDLLWLL (SEQ ID NO:3) 2568.45 

92-100 LtJJALWNt (SEQ ID NO:4) 2317.87 

173-181 WLLLELAIL (SEQ ID NO:5) 1302,88 

159-167 YLQQN W V\TI1> (SEQ ID NO:6) 1252.90 

166-174 TLLVDLLWL (SEQ ID NO:7) 999-86 

171-179 LLWLLLFLA (SEQ ID NO:8) 935.11 

152-160 1LLIIALYL (SEQ lD NO.-9 739:03 

110-118 VLFIFGGLL (SEQ ID NO : 10) 510.60 

132-140 #CAIT 441.60 

*To idonUfy tlia potential HLA A2 binding pepUdos within LMPl, a computer based 
pregi^iri was employed as described elsewhere (18) 
Tills program can be directly accessed through the world-wide web site: 
hji^^4mas.dcrt .i iili.gpvAnolbio/lvla Jbind/liidex. litinl : 
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To further characterize the CTL epitopes identified by the polyclonal 
CTLs, vini&rspec^ific CTL clones were generated, using initial stimulation 
with peptide sensitized autologous PBMG followed by eontinous 
5 restiinul^jpon ^|h imdiated autologous LCLs. Proliferating clones were 
screened for peptide tecognition using the rapid visual assay for Cfl, 
specificity (2) amdt one clone, SB 7, clearly recognized the YtLPi^WI^ (SEQ 
ID NO:l) peptide, No CTL clones specific for YLQQNWWTL (SEQ p NO:6) 
were isolated using tMs procedure. To furt^r confix the antigefi ^eGificity 
10 of the SB 7 clone, aute^gous CD40-s tiraulated B cells were infected With 
recombinant vaccinia viruses encoding individual EBV antigens and then 
exposed to these CTLs The date presented in f!ig v 3A clearly demonstrate 
that only taj^et cells infected with thel^^ 
wei^ re^g^e^. In^ 

15 (BJAB.MTLM6 or Mutu cL59) were efficiently lysed by this clone, while BL 
cells negative for this antigen (BJAB,gptl and Mutu cL216) : were not 
recognized (Fig. 3B). These results confirm that YIXEMLWKL (SEQ If) NCbl) 
is an LMPl CTL epitope that is endogenously processed by virus-infected 
.. cells.. ' 

20 to the next s^^ 

precursors (CTLp) for this epitope in PBMC tern MA ^positive healthy 
EBV immune donors by limiting dilution analysis. YlJ^lLVVRL-specific 
CTLp were reac^ted in vitro by stimulation of PBMCs from donois SB and 
AS with autologous peptide-sensitized PBMCs, Autologous PHA blasts 

25 precoated with peptide YLI^iLVVKL (SEQ ID NO:l) <p^ untreated were used 
as target cells in a chromium release assay. The representative data in Fig. 4 
show that a very low frequency of memoiy CTL specific for the 
YLLEMLVVRL (SEQ ID NO;l) epitope were detected in the HLA A2-positive 
donors AS (1:223,535 +h 107,437) and SB (1:252,650 +/- 122,875). 

30 To determine whether EBV-transformed LCLs expressing different 

HLA A2 supertypes could be recognized by clone SB 7, a panel of LCLs 
expressing tea different supertypes of the HLA A2 allele (HLA A*0201-HLA 
A*0210) were screened in a standard CTL assay, The data presented in Fig 
5 clearly demonstrate thftt JLCLs expressing all iiie majotmjLAZ supertypes 

35 except HLA A*0205 were byj^e C^ 

lysis was significantiy inhibited by the m 
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Surprisingly. MA A2-positive and TAP-negative T2 cells were also 
recognized by this clone suggesting that the YtLEMLWRL (SEQ ID NO:l) 
epitope is ehdogenbusly processed through a TAP-independent pathway 
(Fig. 5). ■; ' 

5 Sequence J^q^^.i^AikB^-A2-ResUicfedLMPi- Epitope in Virus 
Isolates from NPC Patients and Healthy Donors 

A*Q203 and HLA A*0207, which are common supertypes in the Southeast 
Asian ethnic population, raised the possibility that this epitope might be 
10 important as a potential target epitope for LMPl-expressing NPC Sequence 
anapis across 'S^f^^^S^^->teg^!6n in virus isblates from eight NPC 
samples Was carried out using LMPl-specific primers. Spontaneous LCLs 
from healthy EBV immune donors were used as controls in this analysis. 
Interestingly all EBV isolates from the NPC samples displayed identical 
15 subsritiiriohs within this epitope (Table 2). 

In cont ast, of the 12 viirus isolates from healthy EBV immune 
donors, four encoded a sequence identical to that of the B95.8 isolate, while 
" 8i *. displayed a different pattern of alterations within this epitope that 
differed from those found in the NPC samples! In some isolates leucine at 
20 position 2, methionine at position 5 and arginine at position 8 were 

substituted with phenylalanine, isoleucine and glycine, lespectively (Table 
2), while in other isolates only the methionine at position 5 was substituted 
with isoleucine. Importantly, incubation of T2 cells with these variant 
peptides (YFLEILWCL (SEQ ID NO:32) and YLLEILWRL (SEQ ID NO-33)) 
significantly increased MHC expression on these cells (Fig; 6A), indicatihg 
efficient W 

efficiently reeognized by the SB7 clone, while no CTL activity Was seen in 
the presence of the YFLEtLWGL (SEQ ID NO:32) peptide (Fig. 6B). The latter 

an epitope individuais infected with an EBV strain encoding this sequence. 
The loss of recognition by the clone SB 7 is likely to be due an inappropriate 
T cell receptor interaction with the MHC-peptide complex rather than loss of 
MHC binding. Thus it is possible that T cells expressing a different T cell 
receptors are Capable of efficiently recognising this HLA binding peptide (8). 
Interestingly, virus isolates from the other two healthy EBV immune donors 
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changes within the epitope 
sequence wincfrw^ samples (Table 2). 

Analysis of AnUgen Processin 

expressed antigens to virus-specific GTLs, tumour cells were either infected 
^ or pi^sensitized 

experiment ki which recombinant vaccinia^infeeted W ceils (€15 j were 
compared with ^ 

Following exposure to EBNA4-speCific C-EIiS, Vacc.EBNA4-infected or 
peptide sensitized NPC cells were efficiently recognised by both GM9 and 
CM29 CTL clones. The level of CTL lysis was comparable to that seen for 
LCLs T^ese ^sulfe clearfy d cells are able to transport 

sufficient levels of peptides into the ^ 

can efficiently transport MHC-peptide complexes from the ER to the surface 
of the cell 

Normal antigen processing function in NPC cells has significant 
implications for vaccines designed to control these tumours in vivo. Earlier 
studies have demonstrated that the latent gene expression in NPC is often 
limited to MWAl and the transmen^^n^ protein s, LMPl and LMP2 (is). 

Sin&eEBlN^ 

increasing emphasis on designing strategies to control NPC around epitopes 
known to be included within LMPl (6;i^j. : ,la^^..of'&is4aia-pt6sdated : in- 
this study, it is reportable to as^^ be processed 

efficiently by NPC cells. An effective approach to control NPC cells in vivo 
may be to amjp^ patients. This might 

be achieved by two different procedures* Firstly^ NPC patients might be 
immunised with synthetic peptides which include CTL epitopes from LMPl 
and/or LMP2. Alternatively, LMPl and LMP2-specific CTLs from HLA 
mashed hei^l^y 

patients in a manner analogous to ^at^M^^uGcessfltlly treat EBV- 
assoeiated polyclonal lymphomas in berie ^ (30) 
" Discussion ' 




phenotype of EBV-associated malignancies is likely to be a veiy important 
factor in reducing tumor susceptibility to virus-specific CTL surveillance, 



WO 99/02550 



PCT7AU98/00531 



24 



since viral antigen expression in these malignant cells in vivo is restricted to 

)es 



established 



5 epitopes within LMPl. The present study was precisely designed to address 
this issue. One of the limiting factors in identifying epitopes within LMPl 
has been the fact that the CTL response to this antigen often constitutes as a 
minor component of the total virusrspecific response (6,17). To overcome 
t^s Problem we employed a momfied protc^o^^ A2. 
10 restricted epitopes within LMPl. An important step in this process was the 
use of a computer based program developed by Parfcerand colleagues 
designed to predict the potential HLA binding peptides within various 
proteins from human pathogens. Analysis of the LMPl sequence from the 
B95 .8 EB V isolate revealed a number of potential HLA A2 binding peptides 
*5 and a large proportion of these were men functionally shown to stabilize 

on TZ cells. Stimulation of PBMCs with these peptides 

e YLLEMLWRL (SEQ ID NQ:l), while a weaker response was seen for 
another peptide YLQQNWWTL (SEQ ID NO:6). The YLLEMLWRL (SEQ ID 
20 ^ 

(SB7) specific for this peptide- The LMPl specificity of the SB7 CTL clone 

was furtiier confirmed by the recombm 

efficient lysis of LMPl fxpressing HLA A2-positive BL cells. 

^eC^f$3po$se characterized is the present report is of interest 
25 not only because |t is directed against a viral antigen constitutiyely 

expressed in many EBy-asspej a ted malignancies (HD and fJPC> but also 
because the HLA A2 allele is common m virtually all human populations 
(13). More importantly, EBV transformed I£Ls expressing alj tiie ma^Or HLA 
A2 supertypes were efficiendy recognized by the L|^l-§pec;ific CTL clone, a 

nti-viral vaccine design aimed at 
Pc populafions. It ^ia^|||i^::feyBg^^0»:b^^^at--tiie 

constitutes a minor component of me virusrspecific response and very 
low levels of CTL precursors are seen for this epitope. It may nevertheless be 
35 possible to 



30 
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or with adoptive transfer of in vitro activated LMPl-specific CTLs. Such 
approaches may be of use in the control of HD and NPG. 

Efficient presentation of the YLLEMLWFL (SEQ IDNO.i) peptide by 
HLA A*0201. HLA A*0203 and HLA A*0207^positive LCLs, which are 
5 common wpertyp^ 

that this epitope might be exploited as a potential target epitope for LMPl- 

expressing NPC. ... . 

. '. ' EXAMPLE 2 ..' 

Materials and Methods 
10 Infectious Mononcleosis (IM) Patients 

IM patients, identified on clinical ^r^ 
antibody positivity, were bled during the first 5*10 days of illness and. in two 
cases, on a second occasion 24-36 months after the resolution of symptoms. 
™ese ; patie^^ 

15 microcytotoxicity and by genotyping. Three patients (SB, LP and MG) Were 
identified as HLA A2-positive patients and this was subsequently confirmed 
b y FACS analysis using an HLA A2-specific monoclonal antibody (ATCC). 
Establishment and Maintenance of Cell Lines: 

EBV-transformed lymphoblastoid cell lines (LCLs) were established 
20 from a panel of JM and ^ 

transformation of peripheral B cells using type 1 (B95.8) or type 2 (Ag876) 
EBV isolates (16),: and were^ro 2 
mM giutamine, 100 IU/ml penicillin and 100 ug/ml streptomycin plus 10% 
■^^<^„»9S^.I^Si (growth medium). M; addition, ^ 
25 transporter (TAP)-negative B x T hybrid cell line 174 x GEMT2 (referred to 
' as T2) (22) were used for peptide stablizatton ^ 

To generate phytohaemagglutinin (PHA) blasts, peripheral blood 
mononuclear cells (PBMC) were stimulated with PHA (Commonwealth 
^ 6 ^ n Lab6rat ° rie ^? Melbourne) and after 3 day>> |row& 
30 MLA 144 supernatant and rIL-2 was added (36). ;^Ailii^were-'p^pa|ated 
with bi-weekly replacement of EL-2 and MLA Supernatant (no fuilher PHA 
added) for up to 6 weeks. . 
Establishment and Preparation d/ CTZ, Electors 

Acute IM PBMC effectors for use in ex vivo cytotoxicity assays were 
35 resuspended in growth medium supplemented with recombinant IL2 and 
used directly in a cytotoxicity assay (see below); To generate polyclonal 
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GTLs, PBMCs from EA A2-positive donors; were Go-cxdtivated for seven 
days with iiTadiated f 8,000 rads) T2 cells presen^tized "With synthetic 
peptides (37). On days 7 and 14, these cultures were restimulated with 
peptide-sensitized T2 cells* After 18 days of ctilture in growth medium, the 
5 oetts were tfsed ^ polyclonal effectors in a siai^ 

S^ lfi e^ ^ 

Peptides, synthase 

ptir chased from Chiron Mimotopes (Melbourne, Australia), dissolved in 
10 dimethyl sulphoxide, and diluted in serum-free KPMI 1640 medium for use 

in standard CTL assays. 

MHC Stabili^U^.J^^iys. . 

HLA A2 binding peptides within the gp85 and gp350 antigens were 
identified using a protocol as described in Example 1- These predicted 
15 peptides were then used in a standard MHC stablization assay using T2 cells. 
Briefly, T2 cells (2xl0 5 } were incubated with 2Q0pl of each of the peptides 
(200 ugAnl} at 26°C for 14-16h, followed by incubation at 37°C for 2-3%, After 
the incubations, HLA A2 expression was measured by FACS using a 
monoclonal HLA A2-specific antibody (MA2.1; ATCCj. 

20 



Recombinant vaccinia constructs encoding the EBV structural 
antigens gp350 (Vacc>gp350) and gp85 (Vacc.gpSS), and a vaccinia virus 




25 ceils we^ a mutiplicity of 

infection (MCH) of 10:1 for 1 h at 37*0, as described earlier (6,12). After 
overm^M^ and processed 

for -^fe? in^unc^totting to :ms$s$ t^e expjression of 
recombinant EBV antigens (11). 

30 



were either mfec ted wim 
or pie-sensa^ed with synthetic peptide epitopes and then incubated with 
5lCrfor 90 min. Following incubation, these cells were washed in growth 
medium and used as targets in a standard 5 h SlCrrrelease assay (16). 



35 
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Immunisation ofHLAAZ/Kbto 

epit opes • • 

HLA A2/K b transgenic miceused in this study have beeft described 
elsewhere (39). These mice express a chimeric class I molecule composed of 
5 the alpha 1 & 2 domains of the human A*02G1 aHele and the alpha 3 

class Tm^ 

carried out as described by Vitello and eolleagiies (40): Briefy, these animals 

were twice immunized (at a 14 day ihteival} subcuto 

50ug/mouse of CTL epitopes emulM of Tetanus 

10 Toxoid as a source of help. Four weeks following peptide immunization, 

animals were assessed for gp350- and gp85-specific CTL response. For 

assessing these CTL respQnses> splenoqrtes (3xl0 6 eells/ml) were epeultured 

with syngeneic, irradiated (2000 rad) peptide-coated LES blasts (3xl(f 

eells/ml) and 3ug/ml human B2^cb>gl0bulino GTL^ti^ty was tested on 
15 d ay 6 using a sten%it^ e ass ay . 

Vaccinia Protection Assay 

For j^ote^dm exp enmeti^v groups of & vv^S 

^^M!^^'P^^:^J: G in ^ u ^4 ze 4 /with CTL epitopes as described above. On 

day 28, mice were challenged with Vacc.gp85 and Vacc.gp350 
20 intraperitoneal (IxlO 7 pfu in lOOul PBS). After four d^jrs of chaHehg^ these 

animals were sacrificed and vaccinia litres measured in both ovaries by 

plaque assay on confluent CVl ceils. 

Results 

Identification p/fffiA AZ Binding Peptides Within gpSS and gp3SQ 
25 To identify potential HLA A2-restric ted epitopes ^^n gp85 atM 

gp350, the amino acid sequence was analyzed by a computer program 
designed to predict HLA-binding peptides, based on in estimation of the 
half-time d^ 

•(httptfbii^.dc^ (18), A tqtelof 20 

30 peptides (13 from gj>85 and 7 from gp350) with an iestiinatfed haliM&ne 
disassociation score of > 100 for gp85 arid >50 for gp350 were selected 
(Table 3). These peptides were then tested forHLA A2 binding llgeiicy 
using HLA A2-positive T2 cells. Representative mM from a serfes of 
experiments is presented in Figure 8. This analysis showed thatsieven of 
35 these peptides significantly increased the expression of HLA A2 on T2 cells 
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Table 3: Identification of Potential HLA A2 Binding Peptides within gp85 and gp 3 50* 



Residue 



10 



15 



20 



25 



gp85 peptides 

. i . 
2 ;• • 

... ^. .............. 

$Z.Z ZZ^.Z., 

::-^^Zr:ZrZ, 

■ 7 • 

.. ..... ..... ..... 

ii 

gp3 50 peptides 

"V .: .. '.r. ... 

2 ;;; ; 

3 ■ 

. 4. 

5 

6 

............. ...... 



177.185 



2r 1Q 

681-689 

.'■68iig2;' 

1-9 

: * ,7-15' 

871.879 
883*871 
87*75 



30 



Score (Estimate 
half-time disassc 
from HLA A2 allele) 



FLMGTVKRV (SEQID NO:12) 
Wl^i^FFEL (SEQ ID NO: 13) 

1LYM&EAI* (SEQ ID NO?15) 
Q 

SLYim*tF& (SEQ ID MM#$ 
VtAIfliYn (SEQ ID N0:18) 
ULYFIA^ : ' 

LMIIPiat^V {SEQ ID NO:20) 
MQLLCVFGL (SEQ ID NO:21) 
PCLVLLWEV (SEQ ID NQ:22) 
Y1^TTN(JI^(SEQ ID NO:23 j 
TIJFiGSHVV (SEQ ID NG.24) 

VLTLLLLLV (SEQ ID NO:25) 
IJPElVmtSEQID RiO;2©) 
VLQWASLAY (SBQ1D N0:27) 

lluiLV^JEA (SEQIDM0:31) 



1775.683 

1082.903 

912.522 

#74026 

489951 

3$2i836 

224*537 

196.407 

18£736 



13%2?8; 
126 883 
105,510 

271.948 
126.481 
il?.238 
71>872 

'W^zZ 

42278 



ies within gp85 and gp350, a e6tiii>uter based 
program was employed as defle^b^ 

This progfain -caft^^!^^:aqpe8fled[ through the world-wide web site; 
htlp://bt^ 
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suggesting that these peptides might be potential HLA A2-restricted 
epitopes.: 

Recognition of the gp85 and gp350 Peptide Epitopes by IM Effectors Ex 

' : ':: :::Vivo::.::..:.:.:.::i .:: . .. . . \r.:.:.:.:.uir . •■ :y ■ 

from gp85 and three peptides from gp350 were next tested for CTL 
recogmt^ 

HLA A2-restricted CTL epitope from EBV latent mambrane protein (LMPl) 
as a positive control (38). PBMCs from three HLA A2-positive IM patients, 

i^ed as effectors in ^ .• 

blasts sensitized with the gp85, gp350 or LMPl peptides. Representative data 
from two different experiments is shown in Figure 9(A-C). Effectors from all 
three IM patients showed clear recognition of the reference LMPl peptide 

15 . V^Q^wwtl (seqid No;e$ |©«^teti W^ii#fi^^lfe|^lsi- : V 

peptide is recognized by EBV-specific CTLs. More importantly, these IM 

selected gp85 or gp350 peptides. Interestingly, each of these individuals 
showed a distinct pattern of reactivity against these peptides. IM patient SB 
20 showed; strong: reactivity against p^ . " 

(8P8S) and VLQWASLAV (SEQ ID NO:27) (gp350) (Figure 9A), While the LP 
and MG effectors recognised target cells preloaded with peptides LMOPLINV 
(SEQ ID NO:20) (gp85) and VLQWASLAV (SEQ ID NO:27) (gp350) (Figure 
9(B-C)). Furthermore, ex vivo effectors from patient LP also recognised target 
25 ce lfe infected wi^ 

In Vitro Expajisibn of 08SaJidgpMq Peptide 

The data presented above clearly demonstrate that gp85 and gp350 
include CTL determinants which can bind HLA A2 molecules and are 
efficiently recognised by ex vivo effectors from IM patients To determine 
30 whether gp85- Or gp 350-feacti ve CTLs can be detected following recovery 
from IM, PBMCs from the two donors SB and LP were collected at 24-36 
months post INI respectively and were stimulated with T2 cells presensitized 
with each of the gp85 and gp350 peptides which showed strong HLA A2 
landing. On day 18, these CTL effector were tested against peptide* 
35 sensitized autologous PHA blasts. Representative data from polyclonal CTLs 
from donor SB are presented in Figure 10. CTL effectors. from donor SB not 
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only showed strong !^ SLVIVTTFV (S3EQ ID NO :1 7) 

and VLQWASLAV tS^-^.^^-Z^-^f also recognized two other peptides 



Donor LP also showed a similar pattern of CTL lysis. Thus peptide 
5 IIJ^GSIIVy ( SEQ ED: |^;2^ was jp-|^efc jfr r EB\Npeciftc CTL recdgntion 
in the memory response of these A2-pasitive individuals, but this response 
was not detectable with ex vivo effectc&rs dining acute infection. Another 
important point w$tf^^ here is that our attempts to 

10 : were unsuq^^fi^: This res ult is not surprising s inc e it is wall established 
that in latently infected B cells, gp350 or gp85 antigens are poorly expressed 
The LCL-stimulated polyclonal T cell lines from these donors strongly 
reactive against latent antigens (data not shown). This obseravtion is 
consistent with our earlier studies wlu^i^Dwed that (^li reispoa^i in 

15 healthy vims carriers is often dominated by reactM^ to latent antigens (6) . 
Another explanation for an inability to detect gp350- or gp85-specific CTL 
react 



20 precursors specific epitopes in post IM donors 
SB and IJ^shoxved prec^ while precursor 

lueneies for GTlXs wiSfin the latent antigens 



25 



^^^^M^M^f^.'.G^L epitopes, we 
tep^ the possibility of i^ing these pep 
epitopes to induce specific CTL response ixx vivo. HLA A2/Kb transgenic 
mice were used as an experimental model to address this issue. These mice 
30 express a chimeric class I molecule composed of the alpha 1 & 2 domains of 
the human A*0201 allele and the alpha 3 domain of the mouse H-2Kb class I 





as a 



source of help. The SLWVTI^Y (SEQ m NO:17) and TIJTCSHVV (SEQ ED 
35 NO:24) peptides from gp85 e^'-^^X^AS^AV (SEQ H> KQ:27) peptide 
ftonigp350 were used for inim^safe. Two weeks following 
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immunization, specifip CTL response was assessed in each mouse using 
splenocytes or pooled inguinal lymph node cells as effectors. Data presented 
in Figure 11(A-Q demonstrate mat peptide epitopes 

(SEQ ID NO:17) and TLFIGSHW (SEQID NO:24» and gp350 (VLQWASLAV 
5 (SEQ ID NO;27>) induced strong CTL response in splenocytes, Interestingly, 

' G ^ ^^ ate ^^ NO:24)' 
consistently showed strong lysis of targets, while splenocytes from 

mice showed variable in vitro CTL lysis. A strong specific CTL activitv was 
0 also noticed in pooled lymphocytes from inguinal lymph nodes (Figure 11D). 
Pri&immomsamm ofHmAZ/Kbmice with gp85 or gpisd CTL Epitopes 
Affords Prpteemn Ag^t Recombinant Vaccinia Virus Challenge 

Four weeks after peptide immunizatioh with gp85 or gp350 CTL 
epitopes, HLAA2/K b mice were challenged with 10 7 pfuof recombinant 
5 vaccinia virus encoding either gp85 orgp350 After four daysof challenge, 
these animals were sacrificed and vaccinia titres measured in both ovaries 
by plaque assay on confluent CV1 cells. Data from one such experiment is 

sh ° Wed V6iy loW to undete6ta ^ le M m eir ovaries, while in naive mice 
very high titres of vaccinia virus were detected. This protection correlated 
With strong induction of epttope-specific CTL responses detected in the 
splenocytes and lymph node cells collected four weeks after primary peptide 
vacciniation in HLA AZfKb transgenic mice. 
Discussion 

There is increasing interest in formulating an effective vaccine 
against EBV, designed to not Only limit the outgrowth of latently infected B 
cells in healthy individuals but to also block the development of manyEBV- 
associated malignancies such as Burkitfs lymphoma (EL), nasopharyngeal 

..... ' 
principle aim of such a vaccine would be to protect from IM In this context, 
virus load (a large dose of orally transmitted virus and/or overexpansion of 
the wrus-trajisformed B cell pool beyond a critical threshold) may be a 
critical determinant of disease risk (7). Therefore, a vaccine capable of either 
blocking primary EBV infection orsignificantly reducing the EBV Ioad 
du nn$ prinia^ infection may be adequate to avert clinical symptoms! A 
similar vaccine will also be able to reduce the immediate risk of 
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lymphoprohferative disease in transplant patients receiving 
immunosuppressive therapy. On the other hand, EB^-associated 
malignancies such as BL, NPG, and HD arise in patients years after their 
primary infection, and protection from these Io%#r-term consequences 
would require a vaccine that ideally confers sterile immunity and prevents 
the establishment of the carrier state. 

EBV structural antigens, primarily gp350, have long been considered 

as 

a likely vaccine candidate was based inittally upon the observation that this 
glycoprotein is the principal target of the viru^-neutralizing antibody 
response P# A hu^ber^ 

presented as a subunit an|igen or e^resse^ fr^m reco^^^ viral vectors, 
designed to induce h|gh titre neutrahjang antibodjM, have shown significant 
protection against EBV-induced B cell lymphomas in cotton-top tamarins 
(31k However, development of neutralizing antibodies in vaccinated 

infecUon. almough recent i^ults have suggested a role forgp35fl*specific 
0118111 **** Protection (34). If the latter suggestion is Cor^Ctetofttot 
to identify the potential CTL determinants within EBV structural proteins 
since it is now well established mat immunization with whole viral proteins 
is unable to elicit an efficient CTL response. Moreover, a vaccine based on 
CTL epitopes provides an opportunity to include determinants not only from 
6P 3s ^ but aI S9 f^ ptfier structural antigens; sueb^ig^ 
issue we have used a novel protocol to succ^sfully identify CTL epitopes 
within g P 350 and gp85. In the first set of experiments w# identified HLA A2 
binding peptides within gp350 and gp»5. Subsequent experiments were 
focussed on LV1 patients with the HLA A2 allele. Using ex vivo primary 
effectors, we observed strong reactivity to three different gp350 and gp85 
peptides. Interestingly, individual IM patients showed distinct patterns of 
reactivity to each of these peptides. Strong reactivity against peptides 
SLVrVTTFV (SEQ ID NO: 17) (gp85 ) and VLQWASl^V (SEQ ID NG:27) 
(gf^^asflb^^ 

and MG effectors recognized target cells preloaded wtm 1MDEPLINV (SEQ ID 
NO.20) fg P 85) and VLQWASLAV (SEQ N©^27) ^35ia) peptides. More 
importantly, ex vivo effectors from patient LP also recognised target cells 
infected with Vacc.gpSSG and Vacc.gp85. Interestingly, the level of ex vivo 
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CTL lysis directed to epitopes from stmetw^ antigens was consistently 
higher than those seen in the same assays ag 

epi topes from a latent antigen. These results Ite consis tent wi& recent 
observations by Steven and colleagues (42) that ex vivo CTL reactivity to 
5 lytic antigens M 

antigens . : ." • 

In the next set of experiments, we explored the possibility of 
detecting structural ant^ individuals following 

resolution of symptoms This follow up analysis was carried out 24-36 
10 months post acute IM Our initial attempts to isolate Jp350- or gp85-$pecific 
CTLs from postlM donors stimulating with the autologous LCL were 
unsucceissftiL Subsequently we used peptide ipaded T2 cells as stimulators 
togen^^ 

method can be successfiiJly used to raise low ftequency EE Vrspecific CTL 
15 precursors (38). Stimulation of EBMO from donors SB and 1^ raised strong 
CTL responses to the gp85 and gp350 CTL epitopes. Both donors SB and LP 
not only showed reactivity against peptides SLVIVTTFV (SEQ ID NO:17), 
LMQFLINV (SEQ ID NO:20) and VLQWASLAV (SEQ ID NO:27) but also 
recognized another peptide from gp85, TLFIGSHW (SEQ ID NO:24j. It is 
20 interest^ reactivity to 

conclusions drawn from these analyses is that, following recovery from 
acute IM, there is a significant reduction in CTL precursors to the structural 
antigens, and the response becomes dominated by CTL reactive to the latent 
25 antigens. Indeed, limiting dilution analysis 

frequencies of >l/50,0G0i while precursor frequencies for CTL epitopes 
within late^^ 

Tfc6 de^ 

30 structural antigens has important ijtnplicatiohs for any future vaccine design. 
As mentioned above, to vacci lie d es ign bas ed on 

EBV.structural antigens has been directed^ a strong 

neutralizing antibody these n^ufr^isiiig antibody 

response fail to correlate with protection against EBV-induced polyclonal 

35 lymphomas in cotton-top marmosets. Nevertheless, it is possible that this 
protection is oiediated by structural antigen-specific CTL responses. To 
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address this issue, we employed an experimental animal model system to 




arise. 



structural antigen-specific CTL responses and (b) reducing infection with a 
5 recombinant vaccim^^ the gp3^ or gff%^ 

"a strong CTL response following 

ujimimizatum but also a^ 




on tne eincacy ot a gp4&« an 
10 vaccine m huma^/it does clearly $^ow epitopes frw%W 

s tructural antigens can be used as immunogeii^ to Induce an e^eieQt GTL 
response in yivp. Moreover, this approack also overcomes limitations of 
whole gp350 or gp65 proteins which might be inefficient at eliciting CTL 
responses in humans. Obviously one of the possible obstacles of any epitop 
15 based approach to vaccination in humans is HLA polymorphism because 

- However, this obstacle might be overcome 

3s in which the relevant epitope sequences are 
linearly joined together. Indeed, earlier studies from our laboratory have 
20 shown that if such an EBV polyepitope sequence is expressed within cells 
from a recombinant vaccinia vector, all of the constituent epitopes are 
efficiency present^ (43), indicating the poteiiti^ ftf this 

approach as a vaccine strategy. More recently, work in a muri ne has 

25 construct wa^o^ 

the animals from subsequent challenge (44) . In the loiig term, ft may be 
poss^le confine ^ 
latent ^ 

important immunogenic determinants from the two different types of 
30 afti%e^ 

invention as broadly described. The present embodiments are, therefore, to 
35 be considered in all respects as Blustrative and n^ties^tive. 



WO 99/0255 



m 



PCT/AU98/00531 



35 



SEOUENCB LISTINGS 

<110> The Council of the Queensland Institute of Medical Research 
<120> CTL epitopes ^ "from EBV 



5. <13Q> ail 2 3 

<15:0> PQ784 1 
<151> 1997-07-10 

10 <160> 31 



<170> Patentln Ver. 2-0 

15: SEQ ID NQi 1: 

■:':../;/ 

■ ' ; <2 : 13>' Epstein [ Bar r ' ' Vi rus 



2G <4dp> l 

Tyr Leu Leu Glu Met Leu Trp Arg Leu 



SEC ip NO: 2 
25 <211> 9 

. <212> PRT 

■••"■<Zi3> Epstein Bar r Virus 



:'«^uo^''2 : '' " 

30 Leii Leu Leu Ala Leu Leu Phe Trp Leu 

1 . 5 



SEQ ID NOt 3 
<ill> 9 

35 ;;. : <?i : i2> 3^ ^ 

<213> Epstein Barr Virus 
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<40O> 3 

Leu Leu Val Asp Leu Leu Trp Leu Leu 
1 5 



10 



SEQ ID NO: 4 
<2U> 9 
<212> PRT 

<213> Epstein Barr Vt*US 



<400> 4 

Leu Leu Leu lie Ala Leu Trp Asn Leu 



15 SEQ ID NO; S 

■ .• <2il> 9' ' ; 
<212> PRT 

<2I3> Epstein Barr Virus 



20 <4G0> 5 

Trp Leu Leu Leu Phe Leu Ala He Leu 



SEQ ID NO: 6 
25 <211> 9 

<212> PRT 

<:2X3> Epstein Barr Virus 



<400> 6 

.30 Tyr Leu Gin Gin, Asn Trp. . Trp. Thr Leu 

... ... 1, 5... 



SEQ ID NO: 7 
<2ii> 9 
35 <212> PRT 

<213> Epstein Barr Virus 
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<400>. 7 

Thr Leu Leu Val Asp Leu Leu Trp Leu 

- »"■■ v^l^^ , . - . 

<213> Epstein Barr Virus 

10 

<400> 8 

Leu Leu Trp Leu Leu Leu Phe Leu Ala 
i 5 

• is 

'<zxi> 9 ■"■ • 

'<^^>'^it-^iri' : 'B^ri; : Virus 

20 

lie Leu Leu lie lie Ala Leu tyr Leu 

1 5 

25 SEQ ID NO: lb 

<i : ii> 7 

<212> I»^T 

<213> Epstein -Bairfc, Virus 

30 <400> 10 

Val Leu Phe lie Phe Gly Cys Leu Leu 

■ 1. . 

SEQ ID NO: 11 
35 <2U> 9 

. <%i$>-$%$:. 
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<213> Epstein. Bar r Virus 



10 



<400> 11 

Arg Leu Gly Ala Thr He Trp Gin Leu 

1 5- 

SEQ ID NO: 12 
<211> 9 
<212> PRT 

<213> Epstein Barr Virus 



15 



20 



<400> 12 

Phe Leu Met Gly Thr Tyr Lys Arg VaX 

1 ■ s 



SEQ ID NO-:. 13 

<211> 9 - 

<212> PRT 

<213> Epstein Barr Virus 
<4O0> 13 

Trp Leu Ala Lys Ser Phe Phe Glu Leu 
1 5 



25 SEQ ID NO: 14 
<211> 9 
<212> PRT 

<213> Epstein Barr Virus 

30 <400> 14 

Gly Leu Tyr Glu Glu Arg Ala 
1 S 



H i s Va l 



35 



SEQ ID NO: 15 
<2U> 9 
<212> PRT 
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<213> Epstein Barr Virus 



<400> 15 



lie Leu Tyr Phe He Ala Phe Ala Leu 

'5.1,'Zx.' i. vi.; 'v: s v'vv..vvvvv.vvvi.. 



SEQ ID. NO: 16 

<211> 9 

: <212> PRT ■ 
10 <213> Epstein Barr Virus 



<400> 16 

Gin Leu Leu Cys Val Phe Cys Leu Val 



15 , : 

SEQ ID NO t 17 
<211> 9 
<212> PRT 
20 <213> Epstein Barr Virus 



25 



<400> 17 

Ser Leu Val lie Val .Thr Thr Phe Val 

l . ■ . ;s;.:; .. ' 

StiQ t D NO : 18 

<211> 9 

<212> PRT 

<213> ^sie±tv''B^r- : 9it\t^' :r 



30 



<400> 18. 

Val Lieu Ala lie. lie Leu tyr Phe lie 
1 5 

35 SEQ ID NO: 19 
<211> 9 



« i • • t 
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<212> PRT 

<213> Epstein Ban Virus 
<400> 19 

5 lie lie Leu Tyr Phe lie Ala Phe Ala 
1 5 



SEQ ID NO: 20 
<211> 9 
10 <212> PRT 

<213> Epstein Barr Virus 

<400> 20 

Leu Met lie lie Pro: Leu lie ; Ash Val 
15 1 5 

S JSQ '. I D N Q : 2 1: . 
<2li> 9 
20 <212> PRT 

<213> Epstein Barr Virus 

<400> 21 

Met Gin Leu Leu cys Val Phe Cys Leu 
25 i 5 

SEQ ID NO: 22 
<211> 9 
<212> PRT 
30 <213> Epstein Barr Virus 

<400> 22 

Phe Cys Leu Val Leu Leu Trp Glu Val 
1 5 

35 

SEQ. ID NO: 23 
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<211> ? 

<212> PRT 

<213> Epstein Barr Virus 

5 <40Q> 23 

Tyr Leu Leu Leu Thr Thr Asn Gly Thr 

1 • '...,5 



SEQ ID NO; 24 
10 <211> 9 

<2X2> PRT 

<213> Epstein Barr Virus 
<400> 24 

15 Thr Leu Phe lie Gly Ser His. Val Val 

SEQ ID NO: 25 
20 <211> 9 

<212> PRT 

<213> Epstein Barr Virus 

<4ao>;-;25y- 

25 Val Leu Thr Leu Leu Leu Leu Leu Val 

. ,'s. 

SEQ ID NO: 26 . 
<211> 9 
30 <212> PRT 

<2 1 3> Epstein Barr Virus 

<400> 26 

Leu He Pro Giu thr Val Pro Tyr He 
35 1 5 
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SEQ ID NO: 27 
<211>. 9 
<212> PRT 
<213> Epstein Barr Virus 



<400> 27 

Val Leu Gin Trp 

1. 



Ala Ser Leu Ala Val 

• 5 



10 SEQ ID NO: 28 
<211> 9 

<212> PRT 

<213> Epstein Barr Virus 



15 <400> 28 

Leu Leu Leu Leu Val Met Ala Asp Cys 

;-. 1 :- 5 



SBQ ID NO: 29 

20 <2.11> 9 • • 

<212> PRT 

<213> Epstein Bar r Virus 



<400> 29 

25 Gin Leu Thr Pro His Thr Lys Ala Val 

.......... ^ . . 5 



SEO ID NO: 30 
<211> 9 
30 <212> PRT 

<213> Epstein Barr Virus 



<400> 30 

Met Leu Val Leu Gin Trp Ala Ser Leu 

M; . i.. s 
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SEQ ID NO: 31 



<211> 9 



<2I2> PRT 



<213> Epstein Barr Viru* 



5 



<4O0> 31 



Thr Leu Leu Leu Leu Leu Val Met Ala 



5 



10 



SEQ ID NO: 32 



<21I> 9 



<212> PRT 



<213> Epstein Barr Virus 



15 



<400> 32 



Tyr Phe Leu Glu lie Leu Trp Gly Leu 



1 



■ ... 5; 



SEO ID NO: 33 
20 <211> 9 

<212> PRT 

<213> Epstein Barr Virus 

.. <4 00> 33 

25 Tyr Leu Leu GIu lie Leu Trp Arg Leu 
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1. A cytotoxic Epstefn-Sarr virus (EBV) T-eell epitope, the epitope 
being derived from an EBY structural 1S1~L S'.: 'Z£ 

2. A cytotoxic EBV T«ce|l epitope as claimed in claim 1 wherein the 
EBV structural antigen is gp85 or gp350. 

3. A cytotoxic T-cell epitope, the epitope being selected from the group 
consisting of YLLEMLWRL (SEQ ID NO:l), YFUaLWGL (SEQ ID NQ:32), 
YTJ.KTT.WRL (SEQ ID NO:33). YLQQNWWTL (SEQ ID NO;d), LLLALLFWL 
(SEQ ID NO :2) , LLVDLLWLL (SEQ ID NO:3), LLLIALWNL (SEQ ID N0;4), 
WLLLFLAIL (SEQ ID NO 5), TLLVDLLWL (SEQ ID NO:7). IXWLLlEtA (SEQ 
ID N0 8), ELLBALYL (SEQ E) NO.9), VLFIFGGLL (SEQ ID NO:10), 
RLGATIWQL (SEQ ID NO:ll), ILYFIAEAL (SEQ ID NQ:15), SLVTVTTFV 
(SEQ ID NO:17), LMBFIJNV (SEQ ID NO:20), TLFIGSftW (SEQ ID NO:24), 

15 LIPETVPYI (SEQ ID NO:26), VLQWASLAV (SEQ ID NO:27j and 

QLTPHTKAV (SEQ ID NO:2ff). 
..4....... . . A subumt vaccine^ • 

cell epitope as claimed in claim 1 or claim 2. 

5 . As ubunit vaccine including at least one T-cell epitope selected from 
20 the group consisting of YLLEMLWRL (SEQ ID NO:l), YFLEELWGL (SEQ ID 
NO:32), YT.f.ETTiWRL (SEQ ID NOr33); YLQQNWWTL (SEQ ID NO:6), 
LLLALLFWL (SEQ ID NO:2), LLVDLLWLL (SEQ ID NO:3), LLLIALWNL (SEQ 
ID NO:4), WLLLFLAIL (SEQ ID NO :5), TLLVDLLWL (SEQ ID NOi7), 
LLWLLLFLA (SEQ ID NO:8), ILLHALYL (SEQ 03 NO:®); VIJ^GGLL (SEQ ID 
25 NO:10), RLGATIWQL (SEQ ID NO:ll), ILYFIAEAL (SEQ H3 NO:15), 

SLVIVTTFV (SEQ ID NO 17), LMBPIINV (SEQ B3 NO:20), TLFJGSIJW (SEQ 
ID NO:24), UPETVPYI (SEQ ID NO:26). VLQWASLAV (SEQ ID NO:27) and 

QLTPHTKAV (S|Q ID NOt29|: 
6 . A sublet vaccine 
30 selected from the group consisting of YLLEMLWRL (SEQ H> NO:l) , 

YLQQNWWTL (SEQ ID NO;6), YFLFJLWGL (SEQ BD NO:32), YLLEILWRL 
(SEQ BD NO:33), SLVIVTTFV (SEQ ID NO:l7), IJvflTPLINV (SEQ ID NO:2C 




7. A subunit vaccine as claimed in any one of claiiiis 4 to 6 wherein iine 
35 vaccine further includes at least one antigen to which the individual will 
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mount an anamnestic response in addition to the at least one cytotoxic T-cell 
epitope. 

*• A subunit vaccine as claimed in claim 7 wherein the at leastone 
antigen is selected from the group consisting of tetanus toxoid, diphtheria 
5 toxoid, Bordetella pertussis antigens, poliovirus antigens, purified protein 

9 - A s ^bunit vaccine as claimed in claim 8 wherein the at least one 
.. anfigen is tetanus toxoid, : ... . 

10, A subunit vaccine as claimed in any one of claims 4 to 9 in which 
10 the vaccine i^ 

virus (EBV) T-cell epitope as claimed in claim 1 or claim 2, 
12* An isolated nucleic acid sequence encoding at least one of the 
cytotoxic T-cell epitopes selected from the group consisting of YLLEMLWRL 
15 (SEQ I13 NO:l), YFLEILWGL (SEQ ID NO:32), YLLEILWRL (SEQ DZ> NO-33), 
YLQQNWWTL (SEQ ID NO:6), LLLALLFWL (SEQ ED NO:2), LLVDLLWLL 
(SEQ ID NO:3), LLLIALWNL (SEQ ID NO:4), WLLLFLAJL (SEQ ID NO:5), 
TLLVDLLWL (SEQ ID NO:7), LLWLLLFLA (SEQ ID NO:8), ILLIIALYL (SEQ 
ID NO:9), VLFIFGCLL (SEQ ID NOrlO), RLGATTWQL (SEQ ID NO:ll), 
20 n^YFIAFAL (SEQ ID NO:15), SLVIVTTFV (SEQ ID NO:l 7) , LMIIPLINV (SEQ 
ID NO:20), TLFIGSHW (SEQ ID NO:24), UPETVPYI (SEQ ID NO:26), 
MI^WASLAV (SEQ ID n6:27) and QLTPiH^^ NO:29). 

'* 3 < ; 7^ 12 wherein 

the epitope is selected from the group consisting of YLLEMLWRL (SEQ ID 
25 NO: 1) , YLQQNWWTL (SEQ ID NOv6)> YFLEILWGL (SEQ ID NO-32), 

YLLEILWRL (SEQ ID NO:33), SLVIVTTFV (SEQ ID NO 17), LMIIPLINV (SEQ 
fD NO:20), TLFIGSHW (SEQ ID NO<24) .and VLQWASLAV (SEQ ID NO:27) 
14; A vector including a nucleic acid sequence as claimed in any one of 
•claims 11 to 13. - : 

30 * 5 - A vector as claimed in claiin 14 in which the vector is a bacteria, 
preferaW StimoneUaspp. 

^ vector is a virus, 

preferably Adenovirus, Retrovirus or Vaccinia, and most preferably Modified 
Vaccinia Ankara. 

35 17 - An isolated polypeptide, the polypeptide including at least one EBV 
GTL epitope as claimed in any one of claims 1 to 3. 
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18. A,md!Q^i of p^psutoga ^ 

subject, the me%od including admixing at leas t one epitope ^ 
any one of claims 1 to 3 with at least one pharmaceutical^ acceptable 
carrier, diluent or excipient 
5 19. A method of reducing the risk Qf Section in a sublet which 
method includes administering to the subject an effective amount of:- 

(1) at least om 

(2) a subunit vaccine as claimed in any one of claims 4 to 10; 

(3) a nucleic acid sequence as claimed in any one of claims 11 to 13; 
10 (4) a vector as claimed in any one of claims 14 to 16 ; 

or ' """ : . ' "" ' ■"" ' ' 

(5) a polypeptide as claimed in claim 17. 

20. A method q| treating or preventing nas^ppharyngeal carcinoma or 
Hodgkin's disease in a subject which method includes administering to the 

15 subject an effective amount of at least o n e CTL epitope deiived from an EBV 
structural or latent antigen. 

21. A method according to claim 20 wherela %e EB V stracti^ 
is gp85 or gp350v 

22. A method according to claim 20 wherein the EBV latent antigen U 
20 LMP1 or LMP2. 

23. A method according to claim 20 wherein at least one CTL epitope 
selected from the group consisting of YLLEMLWRL (SEQ ID NO:l), 
YiPILmipQ m NO;32) r YXXEILVVRL (SEQ ID NO:33)v YLQQNWWTL 

(seq id nam, uiMiMm,\$EQm NO:2),ijpmL^^ m$f®&h 

25 UIJALVm 

(SEQ ID NO:X5), SLVIVTTFV (SEQ ID NO:17K LMUFUNV (SEQ ID NO:20) r 
TLFIGSHW (SEQ ID NO:24), UPETVPYI (SEQ ID NO;20), VLQWASLAV 
30 (SEQ^NQ^ 

subject. ... ;: : ;; : :^: v: :;:. ¥: .:.; ; . ;v: .:a.., 

24. - A method of ©eatij^ or preventing growth of BlfeS c^lls in a subject 
in need thereof which method includes administering to the subject at least 
one CTL epitope derived from an EBV structural or latent antigen. 

35 25, A method according: to claim 24 wherei n ^ 

is gp85 or gp350. . 
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26. A method according to claim 24 wherein the EBV latent antigen is 
LMPl or LMP2, 

27. A method according to claim 27 wherein at least one CTL epitope 
selected from the group consisting of YLLEMLVVRL (SEQ ID NO 1), 
YFLEn^ WGL (SEQ ID NO 32), YLLEILWRL (SEQ ID NO:33), YLQQNWWTL 

ID Nb:3), 

LLIIALWNL (SEQ ID NO:4), WLLLFLAIL (SEQ P NO:5), TLLVDLLWL (SEQ 

(SEQ ID NO:15), SLVIVTTFV (SEQ ID NO:17), LMtlPLINV (SEQ ED NO:20), 
TLFIGSHW (SEQ ID NO:24), UPETVPYI (SEQ ID NO:26), VLQWASLAV 
(SEQ ID NO : 2 7) and QLTPHTKA V (SEQ IDNO:29), is administered to the 
subject 

28. A method of treating or preventing the growth ofNPC or HD cells in 
a first sul^ect w^E method includes transferring; to the first subject EBV- 
specific CTLs which recognise NPC or HD cells. 

2$. A method as claimed in claim 28 wherein the EBV-specifie CTts are 
obtained from the first subject by in vitro stimulation of CTLs by exposure to 
EBV CTL epitopes. 

30. A method as claimed in claim 28 w^ 

obtained from a second subject, wherein the second subject is infected with 
EBV but does not have NPC or HD. 

31. A method as claimed in claim 26 wherein the EBV-specific CTLs are 
LMPl and/or UVfP2-specific CTLs. 

32. A method of reducing the risk of infectious mononucleosis or post 
transplantation lymphoproliferatiye disease in a subject which method 
includes administering to the subject an effective amount of:- 

(1) at least one CTL epitope as claimed in any one of claims 1 to 3; 
(2J a s^&^t yicdine as claimed iiliany oh£ ■ of felaiiiis 4 to 10; 

(3) a nucleic acid sequence as claimed in any one of claims 11 to 13; 

(4) a vector as claimed in any one of claims 14 to 16; 
.or ♦ .. 

(5) a polypeptide as claimed in claim 17. 
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